Streptolydigin and rifamycin inhibit the catalytic function of ribonucleic acid (RNA) polymerase. Streptolydigin can inhibit polymerization after the reaction has started, whereas rifamycin is effective only if it is preincubated with RNA polymerase prior to the addition of substrates. The same relationships are observed with respect to these two antibiotics if the nucleoside triphosphate-pyrophosphate exchange reaction is used in the assay system. The inhibitory effect of streptolydigin is reversible by further addition of RNA polymerase but not by addition of deoxyribonucleic acid to the assay system.
Streptolydigin is an antibiotic produced by Streptomyces lydigus. Isolation, characterization, and biological properties have been reported (3, 4, 6) , and the structure has been determined (7; Fig. 1) .
A more complete bibliography as well as compilation of physical and chemical properties of this drug have been prepared by Umezawa et al. (9) .
As part of a study of antibiotics which affect protein synthesis, we observed that streptolydigin could inhibit amino acid incorporation into protein by intact cells of Bacillus megaterium. The inhibitory effects on uracil incorporation, however, occurred with a shorter lag, which suggested a more immediate effect on RNA synthesis. A comparison of streptolydigin with rifamycin, an antibiotic inhibitor of ribonucleic acid polymerase, revealed certain similarities and differences with respect to the nature of the inhibition produced by these two antibiotics.
MATERIALS AND METHODS
Incorporation by intact cells of B. megaterium. B. megaterium strain B-5 was obtained from H. Halvorson . This strain was cultivated in Antibiotic Medium 3 (Difco), 17.5 g per liter. Isotopic incorporation studies were performed by addition of 14C tyrosine (specific activity, 300 $Ac/jsmole), 2 Mc; 14C-uracil (specific activity, 30 pc/,umole), 2 Mc; or 'Hthymidine (specific activity, 1,900 juc/Mmole), 2 ,uc, to growth flasks containing 10 ml of medium, which were inoculated with 1 ml of an overnight culture. The growth flasks were then agitated in a rotary action shaker-incubator at 37 C, and, at appropriate times, 1-ml samples were withdrawn, ifitered (Milli- pore Corp., Bedford, Mass.; HAWP-02500), and washed with 10 ml of fresh growth medium. The membrane filters were dried and counted in a gasflow counter at 20% efficiency for 14C and at 40% efficiency for 82p, or in a liquid scintillation counter at 10% efficiency for 'H.
Streptolydigin (batch 2923-DEV-22) was developed by the Upjohn Co., Kalamazoo, Mich., and rifamycin SV is a product of Lepetit, Milan, Italy.
RNA polymerase assay. The RNA polymerase assay was performed by the method of Chamberlin and Berg (1) 
RESULTS
The effect of streptolydigin on 3H-thymidine, '4C-uracil, and '4C-tyrosine incorporation by intact cells of B. megaterium was first tested. Upon addition of 5O,ug of streptolydigin perml (0.07 mM) to the growth medium, 3H-thymidine incorporation continued at its original rate for at least 10 min, '4C-uracil incorporation stops within less than 5 min, and 14C-tyrosine incorporation proceeds at its former rate for about 5 min and then stops (Fig. 2) . We inferred from these data that the primary inhibitory effect of streptolydigin was on uracil utilization, presumably RNA synthesis, and that the lag in inhibition of tyrosine incorporation could be attributed to utilization of messenger RNA formed prior to streptolydigin addition. We next attempted to characterize the dose-response and time-dependence of streptolydigin action in a cell-free system. In these studies, a partially purified RNA polymerase from E. coli was used. The dose-response of 14C-GTP polymerization to increasing levels of streptolydigin is shown in Fig. 3 . Rifamycin, a known inhibitor of RNA polymerase (8, 10, 11) , was included for comparison. From these data, we conclude that streptolydigin can inhibit RNA synthesis in vitro and that rifamycin is about 100-fold more effective.
For comparing the time-dependence of the inhibitory effects of these antibiotics, the lowest concentration capable of completely inhibiting 14C-GTP incorporation was used. (Fig. 4) lydigin by supplementing an inhibited reaction with RNA polymerase or with DNA. We found that additional RNA polymerase was effective in reversing the inhibitory effect of streptolydigin whereas addition of DNA was not (Table 2) . DISCUSSION Streptolydigin and rifamycin inhibit the synthesis of RNA both in intact cells and in cell-free reactions. From the dose-response studies, the sensitivity of E. coli RNA polymerase toward these two antibiotics differs by a factor of about 100 with respect to both polymerization and PP-exchange. Because gram-positive organisms are generally more sensitive than gram-negative organisms, they provide a more suitable test system for studying the effects of these antibiotics in intact cells.
When streptolydigin and rifamycin are added to a cell-free polymerization reaction mixture after incubation has begun, different effects are noted. On addition of streptolydigin, both RNA synthesis and pyrophosphate (PP) exchange stop immediately, i.e. within less than 5 min. Whereas on addition of rifamycin, both reactions proceed on October 28, 2017 by guest http://jb.asm.org/ Downloaded from streptolydigin and rifamycin suggests that different mechanisms of inhibitory action are involved; the fact that only additional enzyme was effective in reversing the inhibitory effect of streptolydigin suggests that RNA polymerase and not DNA is the site of action of streptolydigin. One further difference between these antibiotics worth noting concerns the reversibility of their inhibitory effect. In studies on S. aureus (data not shown), we have found that inhibition by streptolydigin was easily reversible by removal of the antibiotic, whereas inhibition by rifamycin was not.
In conclusion, streptolydigin inhibits RNA synthesis and it acts on the catalytic function of RNA polymerase. Its mechanism of action differs from that of rifamycin.
